Objective: To investigate the association between the genotypes, sequence variations and phylogenetic origins of strains of Helicobacter pylori with gastric cancer in Chinese patients. Methods: Strains of H. pylori were isolated from patients with chronic gastritis and gastric cancer. Genotypes of the cagA and vacA genes were determined using polymerase chain reaction. Sequence analysis was used to detect variations in the 3 0 and 5 0 regions of cagA, and to detect known polymorphisms in cagE. A phylogenetic tree was constructed based on the analysis of seven housekeeping genes. Results: A total of 67 strains of H. pylori were analysed. Nearly all strains of H. pylori carried cagA (65/67; 97.0%), an East Asia type of the cagA 3 0 region (63/65; 96.9%) and the vacA intermediate (i)1 genotype (65/67; 97.0%). None of the H. pylori strains examined had sequence variations in the 5 0 region of cagA or cagE. Phylogenetic analyses, however, revealed that strains of H. pylori from gastric cancer tended to cluster together. Conclusions: Virulent strains of H. pylori were highly prevalent, but virulent genotypes of H. pylori associated with gastric cancer were not detected in this geographical region.
Introduction
Helicobacter pylori is a major carcinogenic bacterium for the stomach. 1 It colonizes the human stomach for decades, causing mucosal injuries, atrophy, and finally cancer in a small proportion of individuals. 2 Virulent H. pylori strains, which are those that have the cagA and vacA signal (s)1/middle (m)1 genes, have been linked to an increased risk for gastric cancer. 3, 4 Research has identified novel virulent genotypes or sequence variants of H. pylori that are associated with gastric cancer. For example, these include the presence of a DNA motif (AATAAGATA) at the 5 0 region of cagA, 5 the East Asia type of cagA 3 0 repeat region, 6 vacA intermediate (i)1 7 and a sequence variant of cagE (C1039T and T1041G). 8 Nucleotide polymorphisms at known positions within the cagE gene (C1039T and T1041G) showed a highly significant association with gastric cancer. 8 In addition to the virulent genotypes, it has been found that the phylogenetic origins also influence the carcinogenic potential of H. pylori. 9 Few studies, however, have been conducted in East Asia. Considering the genomic differences among geographical regions, this study aimed to investigate the association between these newly identified genotypes and the phylogenetic origins of H. pylori from China and gastric cancer.
Materials and methods H. Pylori strains
This study analysed H. pylori strains isolated from patients with either chronic gastritis or gastric cancer. They were isolated from the antral biopsies of patients who underwent endoscopy examinations in the Department of Gastroenterology, Qingdao Municipal Hospital, Qingdao, Shandong Province, China between September 2011 and January 2013. There were no specified inclusion or exclusion criteria used for this study. Ethical approval and individual patient consent for this study were not required because this study was undertaken on the H. pylori strains isolated from patients.
The H. pylori strains that were isolated were grown aerobically on brain-heart infusion agar plates (Oxoid, Basingstoke, UK) supplemented with 7% horse blood (Oxoid) at 37 C for 3-5 days in a model 311 CO 2 incubator (Forma Scientific, OH, USA). A total of 10 8 bacterial cells were collected for subsequent extraction of genomic DNA.
Genotyping of cagA, cagE and vacA
Genomic DNA from the strains of H. pylori was extracted using the QIAamp Õ DNA Mini Kit according to the manufacturer's instructions (Qiagen, Valencia, CA, USA).
To determine the genotypes of the cagA and vacA gene, they were amplified using the polymerase chain reaction (PCR) and the corresponding PCR primers as previously described. 4, 7, 10, 11 To analyse the sequence variations of the 3 0 region or 5 0 region of cagA, genomic DNA was PCR amplified and sequenced, as reported in previous studies. 5, 6 The expected sizes of the amplicons of the 3 0 region or 5 0 region of cagA were 636 base pairs (bp) and 748 bp, respectively. To analyse the sequence variations of cagE, genomic DNA was PCR amplified using the primers CAGE-F (5 0 -ACTCTCAATGAACCCGTTATG) and CAGE-R (5 0 -GCGTATTCACTAATCTC AATAG). All of the primers used were synthesized by a commercial supplier (Shengong, Shanghai, China). The PCR reaction for cagE consisted of 12.5 ml of Taq TM DNA polymerase mix (TaKaRa, Dalian, China), 1 ml of 5 mM of each of the forward and reverse primers, and 30 ng of bacterial genomic DNA. The volume was made up to 25 ml with sterile water. The PCR reaction was performed on a Multigene TM Gradient Thermal Cycler (Labnet International, Edison, NJ, USA). The cycling programme involved preliminary denaturation at 94 C for 5 min, followed by 35 cycles of denaturation at 94 C for 60 s, annealing at 52 C for 60 s, and elongation at 72 C for 60 s, followed by a final elongation step at 72 C for 10 min. PCR products were separated on 2% agarose gels and visualized using ethidium bromide staining and ultraviolet light. The size of the cagE amplicon was 354 bp.
The amplified PCR products of the 3 0 region and the 5 0 region of cagA and a 354 bp long region of cagE covering positions 1039 and 1041 were sequenced using the Sanger sequencing method on an Applied Biosystems Õ 3730 DNA analyser (Life Technologies, Paisley, UK). The sequencing of these PCR products was undertaken by a commercial service (Shengong). These sequences were analysed using the multiple sequence alignment program ClustalW2, with default parameters (The European Bioinformatics Institute, Cambridge, UK). 12 Virulent H. pylori gene variants were subsequently identified as reported elsewhere. 4, 7, 8, 11 Phylogenetic analysis of H. Pylori strains
To determine the phylogenetic origins of the strains of H. pylori, seven housekeeping genes (atpA, efp, mutY, ppa, trpC, ureI, yphC) were PCR amplified using primers listed at the Multi Locus Sequence Typing (MLST) database 13 and sequenced as described previously. 14 The sequences of these seven genes were concatenated and a neighbour-joining tree was constructed as described previously. 15 
Statistical analyses
All statistical analyses were performed using the SPSS Õ statistical package, version 17.0 (SPSS Inc., Chicago, IL, USA) for Windows Õ . Data were analysed with 2 -test or Fisher's exact probability test. A P-value <0.05 was considered statistically significant.
Results
This study analysed 67 strains of H. pylori, including 31 strains isolated from patients with chronic gastritis and 36 strains from patients with gastric cancer. The cagA gene was detected in 97.0% (65/67) of H. pylori strains, including 29 strains from patients with chronic gastritis and 36 strains from patients with gastric cancer ( Table 1 ). The prevalence of cagA in strains from gastric cancer and chronic gastritis was 100% (36/ 36) and 93.6% (29/31), respectively. Out of the 65 cagA-positive strains, sequence analyses of the 3 0 region of cagA showed that the East Asia type was predominant (63/65, 96.9%) ( Table 1 ). All of the strains from patients with gastric cancer compared with 87.1% (27/31) strains from patients with chronic gastritis possessed an East Asia type of 3 0 region of cagA. There was no significant difference in the prevalence of the East Asia type at the 3 0 region of cagA between the H. pylori strains isolated from patients with gastric cancer or chronic gastritis.
It has been reported that the presence of a DNA motif (AATAAGATA) upstream of the cagA 5 0 end is associated with an increased risk of gastric cancer. 5 To determine this virulent variant, the sequence upstream of the cagA 5 0 end was amplified and sequenced. None of strains examined, however, possessed this motif, although multiple mutations occurred randomly in this region.
Sequence analyses of nucleotide polymorphisms at known positions within the cagE gene (C1039T and T1041G) found mutations at 35 nucleotide positions: the majority were synonymous mutations; 20% (seven of 35) were nonsynonymous. These mutations occurred infrequently in the strains studied, with a highest frequency of 13.4% (nine of 67). Statistical analyses revealed that no mutation was associated with gastric cancer. With respect to polymorphisms at positions 1039 and 1041, all 67 strains had C at position 1039 and T at position 1041. This indicated that the nucleotide polymorphisms of cagE had no association with gastric cancer.
The genotypes of the vacA signal (s), middle (m) and intermediate (i) regions were determined. The prevalences of vacA s1, m1 and i1 were 98.5% (66/67), 44.8% (30/67) and 97.0% (65/67), respectively ( Table 1) . The vacA i1 genotype was detected in 100.0% (36/36) of strains isolated from patients with gastric cancer, which was not significantly different from the proportion of strains isolated from patients with chronic gastritis (93.5%, 29/31). The vacA s1/m1/i1 genotype was identified in 38.9% (14/36) and 54.8% (17/31) of strains from patients with gastric cancer and chronic gastritis, respectively; there was no significant difference between these two sources of bacterial strains.
Phylogenetic analyses of the cagE gene and the cagA 3 0 and 5 0 regions found that strains from gastric cancer biopsy samples were scattered in the neighbour-joining trees, suggesting there was no significant association between the evolution of these virulent genes and gastric cancer. To explore the association between the phylogenetic origins of H. pylori and gastric cancer, seven housekeeping genes (atpA, efp, mutY, ppa, trpC, ureI, yphC) for 22 strains isolated from patients with gastric cancer and 21 strains isolated from patients with chronic gastritis were sequenced. Phylogenetic analysis of these strains (and 90 additional strains with sequences of the housekeeping genes available at the MLST database 13 ) demonstrated that all strains studied in the present study belonged to the East Asia H. pylori subpopulation ( Table 1 ). The neighbour-joining tree constructed with these sequences revealed that strains from gastric cancer tended to form a cluster, whereas strains from chronic gastritis were scattered in the tree (Figure 1 ). Two groups, namely groups I and II, were identified based on the topology of the neighbour-joining tree. Statistical analysis revealed that the frequency of gastric cancer in group II (73.9%, 17/23) was significantly higher than that in group I (20.0%, 4/20) ( 2 -test, P < 0.001). This finding indicated that the phylogenetic origins of H. pylori had a potential impact on its carcinogenic potential.
Discussion
Virulence is varied among strains of H. pylori and virulent strains have been found to be associated with an increased risk of gastric cancer. 16 H. pylori expresses CagA protein, a major virulence factor that is involved in carcinogeneis. 17 The cagA gene is variable at its 3 0 region, which encodes different numbers and types of a glutamic acid-proline-isoleucine-tyrosinealanine (Glu-Pro-Ile-Tyr-Ala [EPIYA]) motif. 18 Strains carrying an East Asia type (EPIYA-ABD) of CagA induce increased amounts of interleukin-8 from gastric epithelial cells compared with those possessing a Western type (EPIYA-ABC) of CagA. 18 In this present study, nearly all H. pylori strains (97.0%) were cagA positive and had an East Asia type of cagA 3 0 region. This is consistent with the finding that nearly all of strains from East Asia are cagA positive. 19 There was no significant difference in the distribution of these genotypes between strains isolated from patients with gastric cancer or chronic gastritis. This suggests that neither cagA positivity nor the genotypes of the cagA 3 0 region are correlated with cancer risk, owing to their high prevalence in East Asia. 19 These current results also found that the majority of strains carried the vacA i1 genotype. There was no difference in the prevalence of vacA i1 strains isolated from patients with gastric cancer or chronic gastritis, confirming the findings from other parts of East Asia. 20 These current results suggest that virulent strains of H. pylori are highly prevalent, but are not associated with gastric cancer in East Asia.
Helicobacter pylori strains possessing a DNA motif (AATAAGATA) at the 5 0 region of cagA have been shown to be associated with gastric cancer. 5 This motif is located between the transcriptional start point and the start codon of cagA. Strains carrying this motif express higher levels of CagA. 5 The current sequence analysis, however, found that this motif was absent in all strains examined, indicating that this sequence variant does not modulate the carcinogenic potential of H. pylori strains from China. CagA is injected into epithelial cells by a type IV secretion system encoded by the cag pathogenicity island of H. pylori. 21, 22 Therein, the CagA protein is phosphorylated at the C-terminal causing a variety of alterations of epithelial cells. 23 The cagE gene encodes a component of the type IV secretion system; 21 it generates energy for the secretion process. A link between mutations of the cagE (C1039T and T1041G) gene and gastric cancer was found in strains from South America. 8 Strains examined in this present study, however, showed no mutation in these positions of the cagE gene. These findings suggest that sequence variation in the cagA 5 0 region and cagE are not associated with gastric cancer.
The results of the present study showed that virulent strains of H. pylori were highly prevalent, consistent with findings from other studies on East Asia. 19, 24 However, virulent genotypes of H. pylori associated with gastric cancer could not be detected in this geographical region. Therefore, this study then investigated the association between the phylogenetic origins of the H. pylori bacterium and gastric cancer. The results found that strains isolated from patients with gastric cancer tended to cluster together. This is consistent with findings that the phylogeographical origin of H. pylori strains influences the bacterial capacity to induce inflammatory responses and cell damage. 25 It has been shown that there is great genomic variation among strains with different phylogeographical origins. 24 Comparative analyses and phylogenetic analyses of genomes in the future would be helpful in identifying virulence factors associated gastric cancer in East Asia.
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